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Description 
HIGH DENSITY ROM CELL 

Background of Invention 
[0001] i. Field of the Invention 

[0002] The invention relates to a high density read-only memory 
(ROM) cell, and more particularly, to a high density ROM 
cell having a structure similar to a metal oxide semicon- 
ductor (MOS) transistor. 

[0003] 2. Description of the Prior Art 

[0004] As semiconductor technology progresses, circuits manu- 
factured by semiconductor technology are widely used in 
electronic devices and computer systems. One example of 
these circuits is a ROM. The prior art combines MOS tran- 
sistors with peripheral circuits to form ROMs. However, 
each of theses ROMs can only store one bit data.Since cir- 
cuit area corresponds to the number of MOS transistors 
and peripheral circuits, a high capacity memory circuit will 
occupy a large area on a semiconductor chip.As a result, 
high capacity memory circuits cannot be satisfactorily in- 



tegrated on a single wafer. 
[0005] please refer to Fig.l showing a circuit diagram of a con- 
ventional ROM cell, wherein each MOS transistor is a ROM. 
As described above, each ROM cell can store only one bit 
of data; the data can be read under the control of word 
lines WLO, WL1, WL2, WL3... (four word lines are shown in 
Fig.l) and bit lines BLO, BLl...(two bit lines are shown in 
Fig.l). 

[0006] As described above, in the conventional memory circuit, 
each ROM cell can store only one bit of data, and the cir- 
cuit area corresponds to the number of these transistors 
and peripheral circuits. Thus, a high capacity memory cir- 
cuit occupies a large area on a semiconductor chip, which 
means that high capacity memory circuits cannot be satis- 
factorily integrated on a single wafer. Accordingly, the 
cost of a high capacity memory circuit cannot be reduced, 
and the capacity of ROM is hardly improved. Thus, the 
prior art retains disadvantages which can be improved 

upon. 
Summary of Invention 

[0007] it j S therefore a primary objective of the claimed invention 
to provide a high density ROM cell to solve the problem 
mentioned above. 



[0008] Briefly, a ROM cell is installed on a silicon substrate for 
storing data. The ROM cell includes a first doped region 
being of a second conductive type installed on the silicon 
substrate, a plurality of first heavily doped regions being 
of a first conductive type installed in the first doped re- 
gion, a second doped region being of the second conduc- 
tive type installed on the silicon substrate, and a gate in- 
stalled on the surface of the silicon substrate and adjacent 
to the first doped region and the second doped region. 

[0009] The present invention further provides a high density ROM 
cell installed on a silicon substrate for storing data. The 
ROM cell includes a plurality of first doped regions being 
of a second conductive type installed on the silicon sub- 
strate, a second doped region being of the second con- 
ductive type installed on the silicon substrate, and a gate 
installed on the surface of the silicon substrate and adja- 
cent to the plurality of first doped regions and the second 
doped region. 

[0010] These and other objectives of the present invention will no 
doubt become obvious to those of ordinary skill in the art 
after reading the following detailed description of the pre- 
ferred embodiment that is illustrated in the various fig- 
ures and drawings. 



Brief Description of Drawings 
[001 1] Fig.l is a circuit diagram of a conventional ROM cell. 

[0012] pig. 2 is a block diagram of the ROM cell according to the 
first embodiment of the present invention. 

[0013] pig. 3 is a block diagram of an optimal variation of the 
ROM cell shown in Fig. 2. 

[0014] Fig. 4 illustrates a cross-section view of the ROM cell ac- 
cording to the first embodiment of the present invention. 

[0015] Fig. 5 is a circuit diagram of the ROM cell array according 
to the first embodiment of the present invention. 

[0016] Fig. 6 illustrates a combination of the circuit in Fig. 5 and a 
global bit line. 

[0017] Fig. 7 is a block diagram of the ROM cell according to the 
second embodiment of the present invention. 

[0018] Fig. 8 is a block diagram of an optimal variation of the 
ROM cell shown in Fig. 7. 

[0019] Fig. 9 is a circuit diagram of the ROM cell array according 
to the second embodiment of the present invention. 

[0020] Fig. 10 illustrates a combination of the circuit in Fig. 9 and 

a global bit line. 
Detailed Description 

[0021] The present invention provides a high density ROM cell 



having a structure similar to a MOS transistor. The mem- 
ory cell includes a plurality of drains, a common gate, and 
a common source. Since such kind of the structure com- 
posed of the common devices provides a manner for op- 
erating a plurality of drain signals, a single memory cell 
can store a plurality of bits of data, which is of higher 
density than that in the prior art. According to the first 
embodiment of the present invention, the plurality of 
drains are installed in a common drain doped region hav- 
ing a plurality of heavily doped regions, wherein each 
heavily doped region and the common doped drain region 
form a diode so that the plurality of drain signals passing 
through the plurality of heavily doped regions do not in- 
terfere with each other. In the second embodiment of the 
present invention, the plurality of drains are the plurality 
of drain doped regions separated by at least one exten- 
sion structure of the common gate. 
[0022] please refer to Fig. 2 showing a block diagram of the ROM 
cell, and Fig. 3 showing a block diagram of an optimal 
variation of the ROM cell shown in Fig. 2, both of which are 
according to the first embodiment of the present inven- 
tion. A gate 230 according to the first embodiment is 
made of polysilicon (POLY in Fig. 2 and the following fig- 



ures). A common drain doped region 210 and a common 
source doped region 220 are doped wells formed by a dif- 
fusion process (DIFF in Fig. 2 and the following figures). In 
other related figures, such as Fig. 2, Fig. 3, Fig. 4, Fig. 7, 
Fig. 8, "P+" and "N+" represent respectively a P-type 
doped well having a higher relative doping density than 
that of a surrounding N-type well and a N-type doped 
well having a higher relative doping density than that of a 
surrounding P-type well. GND represents that the com- 
mon source of the ROM cell is grounded. 

[0023] The difference between Fig. 3 and Fig. 2 is the number of 
the heavily doped regions 212a, 212b, 212c... The num- 
ber of these heavily doped regions represents how many 
bits the ROM cell can store, which is equal to the number 
of drain signals employed. For instance, a ROM cell 200 
having 5 heavily doped regions 212a, 212b, 212c, 212d, 
212e (212d and 212e are not shown in Fig. 3) can store 5 
bits. The following description is related to the first em- 
bodiment shown in Fig. 2, wherein the ROM cell 200 has 2 
heavily doped regions 212a, 212b for storing 2 bits. 

[0024] According to the first embodiment shown in Fig. 2, the 
present invention provides a high density ROM cell 200 
installed on a silicon substrate for storing data. The ROM 



cell 200 includes a first doped region 210 installed on the 
silicon substrate having a second conductive type (N-type 
in this embodiment; that is, the first doped region 210 is 
an N-type doped well), a plurality of first heavily doped 
regions 212a, 212b (two in this embodiment) installed in 
the first doped region 210 and having a first conductive 
type (P-type in this embodiment; that is, the first heavily 
doped regions 212a, 212b are P-type doped wells), a sec- 
ond doped region 220 installed on the silicon substrate 
having the second conductive type (N-type doped well), 
and a gate 230 installed on the surface of the silicon sub- 
strate and adjacent to the first doped region 210 and the 
second doped region 220. The first doped region 210 is a 
drain doped region; the second doped region 220 is a 
source doped region. Each first heavily doped region of 
the plurality of heavily doped regions 212a, 212b forms a 
diode in cooperation with the first doped region 210 
(described hereinafter) so that the plurality of drain sig- 
nals (two in this embodiment, not shown in Fig. 2) respec- 
tively passing through the plurality of heavily doped re- 
gions 212a, 212b will not interfere with each other. 
[0025] please refer to Fig. 2 as well as Fig. 4 showing a cross- 
section view of the ROM cell 200. In this embodiment, the 



ROM cell 200 is installed in a doped well on the silicon 
substrate (P_SUB, P-Substrate in Fig. 4), and the doped well 
has the first conductive type (P-type in this embodiment; 
that is, the doped well is a P-type doped well). Such kind 
of structure is optional and does not limit the present in- 
vention. Moreover, the diode mentioned above is marked 
by a diode mark between the heavily doped region 212 
(representing the heavily doped regions 212a, 212b) and 
the first doped region 210 in Fig. 4. When a first drain sig- 
nal current (not shown) composed of the drain signals 
flows in sequence from a drain terminal 215 through the 
heavily doped region 212 (representing the heavily doped 
regions 212a, 212b) and the first doped region 210, and 
even in the event it passes through the silicon substrate 
(in this embodiment, pass through the region adjacent to 
the gate 230 in the P-type doped well shown as P_SUB) 
and the second doped region 220 to the source terminal 
225 under control of the gate 230, the diode can prevent 
the first drain signals from flowing between the heavily 
doped regions 212a, 212b. Therefore, the plurality of 
drain signals (two in this embodiment, not shown in Fig. 2) 
respectively passing through the plurality of heavily doped 
regions 212a, 212b will not interfere with each other. 



[0026] please refer to Fig. 5 showing a circuit diagram of the ROM 
cell array, and Fig. 6 showing a combination of the circuit 
in Fig. 5 and a global bit line. The ROM cell 200 in Fig. 5 
and Fig. 6 is an equivalent circuit to the ROM cell 200 in 
Fig. 2 and Fig. 4, wherein a single ROM cell 200 can store a 
plurality of bits (2 bits in this embodiment) of data in or- 
der to provide a higher density on data storage. As shown 
in Fig. 5 and Fig. 6, the plurality of bits of data can be read 
by a plurality of bit lines BL0, BL1 (two in this embodi- 
ment). As shown in Fig. 5, the data read by the bit lines 
BL0, BL1 are transmitted to a bit line output SA. The 
global bit line GBL in Fig. 6 controls a plurality of bit line 
switches 610, 611 through a plurality of column selection 
lines C_SEL0, C_SEL1 corresponding to the bit lines BL0, 
BL1, to multiplex data read by one of the bit lines BL0, BL1 
and transmit them to the bit line output SA. In other 
words, the circuit in Fig. 6 is a combination of the circuit in 
Fig. 5 and a Y-multiplexer (Y-MUX). Therefore, both Fig. 5 
and Fig. 6 show that the present invention provides higher 
storage density than the prior art. In addition, bit read 
values (BL0, BL1)=(0, 1), (1, 0), (0, 1), (1, 1) marked on the 
right side of word lines WL0, WL1, WL2, WL3 in Fig. 5 and 
Fig. 6 correspond to the drain terminal 215 and the pro- 



grammed (shown by a black dot) or un prog rammed 
(without black dot) status between the bit lines BLO, BL1 
of each ROM cell 200. 

[0027] | n the present invention, the first conductive type is P- 

type and the second conductive type is N-type. However, 
it is optional and does not limit the present invention. In 
another possible embodiment of the present invention, 
the first conductive type can be N-type and the second 
conductive type can be P-type. 

[0028] please refer to Fig. 7 showing a block diagram of a ROM 
cell, and Fig. 8 showing a block diagram of an optimal 
variation of the ROM cell shown in Fig. 7, both of which are 
according to the second embodiment of the present in- 
vention. A gate 730 according to the second embodiment 
is also made of polysilicon. A plurality of drain doped re- 
gions 710a, 710b, 710c... and a common source doped 
region 720 are doped wells formed by a conventional dif- 
fusion process. 

[0029] The difference between Fig. 8 and Fig. 7 is in the number of 
plurality of drain doped regions 710a, 710b, 710c... and 
corresponding gate extension structures 732b, 732c. ..The 
number of the plurality of drain doped regions represents 
how many bits the ROM cell can store, which is equal to 



the number of the plurality of drain signals. For instance, 
a ROM cell 700 having N drain doped regions 710a, 710b, 
710c... 710n (representing respectively the first, the sec- 

th 

ond, the third. ..the N drain doped region) can store N 
bits. The following description is related to the second 
embodiment shown in Fig. 7, wherein the ROM cell 700 
has 2 drain doped regions 710a, 710b for storing 2 bits. 
[0030] According to the second embodiment shown in Fig. 7, the 
present invention provides another high density ROM cell 
700 installed on a silicon substrate for storing data. The 
ROM cell 700 includes a plurality of first doped regions 
710a, 710b installed on the silicon substrate and having a 
second conductive type (N-type in this embodiment; that 
is, the plurality of first doped regions 710a, 710b are N- 
type doped wells), a second doped region 720 installed on 
the silicon substrate having the second conductive type 
(N-type doped well), and a gate 730 installed on the sur- 
face of the silicon substrate and adjacent to the plurality 
of first doped regions 710a, 710b and the second doped 
region 720. The plurality of first doped regions 710a, 
710b are drain doped regions, the second doped region 
720 is a source doped region, and the gate 730 has at 
least one extension structure located respectively between 



one first doped region 710a and the other first doped re- 
gion 710b so that a plurality of drain signals (two in this 
embodiment, not shown in Fig. 7) respectively passing the 
plurality of first doped regions 710a, 710b will not inter- 
fere with each other. 

[0031] | n the present invention, the ROM cell 700 is installed in a 
doped well (not shown in Fig. 7) on the silicon substrate 
having the first conductive type (P-type in this embodi- 
ment; that is, the doped well is a P-type doped well). Such 
kind of structure is optional, and does not limit the 
present invention. 

[0032] please refer to Fig. 9 showing a circuit diagram of the ROM 
cell array, and Fig. 10 showing a combination of the circuit 
in Fig. 9 and a global bit line. The ROM cell 700 in Fig. 9 
and Fig. 10 is an equivalent circuit to the ROM cell 700 in 
Fig. 7, wherein a single ROM cell 700 can store a plurality 
of bits (2 bits in this embodiment) of data in order to pro- 
vide a higher density on data storage. As shown in Fig. 9 
and Fig. 10, the plurality of bits of data can be read by a 
plurality of bit lines BL0, BL1 (two in this embodiment). As 
shown in Fig. 9, the data read by the bit lines BL0, BL1 are 
transmitted to a bit line output SA. The global bit line GBL 
in Fig. 6 controls a plurality of bit line switches 1010, 



1011, through a plurality of column selection lines 
C_SEL0, C_SEL1, to multiplex data read by one of the bit 
lines BLO, BL1 and transmit them to the bit line output SA. 
In other words, the circuit in Fig. 10 is a combination of 
the circuit in Fig. 9 and a Y-MUX. Therefore, both Fig. 9 
and Fig. 10 show that the present invention provides 
higher storage density than the prior art. In addition, bit 
read values (BLO, BL1)=(0, 1), (1, 0), (0, 1), (1, 1) marked 
on the right side of word lines WL0, WL1, WL2, WL3 in 
Fig. 9 and Fig. 10 correspond to drain terminals 715a, 
715b and the programmed (shown by a black dot) or un- 
programmed (without black dot) status between the bit 
lines BLO, BL1 of each ROM cell 700. 

[0033] | n the present invention, the first conductive type is P- 

type and the second conductive type is N-type. However, 
it is optional and does not limit the present invention. In 
another possible embodiment of the present invention, 
the first conductive type can be N-type and the second 
conductive type can be P-type. 

[0034] | n contrast to the prior art, the high-density ROM cell ac- 
cording to the present invention has a plurality of drains, 
a common gate, and a common source. Since such kind of 
the structure composed of the common devices provides a 



manner for operating a plurality of drain signals, a single 
memory cell can store a plurality bits of data, which has a 
higher density than that of the prior art, and accordingly, 
the circuit area can be reduced. 

[0035] | n addition, the high-density ROM cell according to the 

present invention has a structure similar to a MOS transis- 
tor so that it can be applied in any of the related products, 
and designed or manufactured in a easy manner. 

[0036] Those skilled in the art will readily observe that numerous 
modifications and alterations of the device may be made 
while retaining the teachings of the invention. Accord- 
ingly, the above disclosure should be construed as limited 
only by the metes and bounds of the appended claims. 



